The cellular components involved in the hypocholesterolemic activity of Kluyveromyces marxianus YIT 8292 were examined in rats fed on a high-cholesterol diet. Whole cells (KM) were heated at 115 C for 10 minutes and fractionated into water-soluble extract 1 and the insoluble residue (KM-CW). After mechanical disruption by glass beads, KM-CW was separated into the cell wall (KM-W) and water-soluble extract 2. Plasma total cholesterol was decreased by feeding KM-CW or KM-W, but was not changed by feeding extract 1 or extract 2. Feeding KM-CW and KM-W increased the fecal sterol excretion and concentration of short-chain fatty acids (SCFA) in the cecum. The hypocholesterolemic activity of KM-CW was completely abolished by the enzymatic degradation of -mannan and -glucan. These results suggest that -mannan and -glucan were the major active components of KM, and that its hypocholesterolemic activity may be attributable to the increasing fecal sterol excretion and/or production of SCFA.
Since the pioneering results of the Framingham study 1) were disclosed, hypercholesterolemia has been recognized as a major risk factor for the development of coronary heart disease. 2, 3) Lowering the plasma cholesterol level has been proven to reduce the mortality from myocardial infarction, 4) and the search for natural substances capable of lowering plasma cholesterol continues in the research fields of nutrition and medicine. Several food constituents have been reported to be effective for lowering plasma cholesterol in animals or humans, examples including some dietary fibers, 5, 6) plant sterols, 7) herbal extracts, 8) and whole cells of the yeast, Kluyveromyces marxianus YIT 8292. 9) K. marxianus is a homothallic hemiascomycetous species usually found in kefir grains, cheese and other dairy products. 10) Belem and Lee have outlined the following advantages of K. marxianus as a food material: 10) (1) good growth yield, which has an important impact on cost efficiency in the food industry; (2) acceptability as a safe microorganism; (3) it is a lactose fermentative yeast which can grow on whey waste; and (4) it is the only yeast permitted to be grown on whey in the U.S.A. We have reported in our previous study that of the 81 yeast strains that are used in the food industry, whole cells of K. marxianus YIT 8292 (KM) exhibited the most potent hypocholesterolemic activity in rats fed on a high-cholesterol diet (HCD). 9) However, the cellular components and mechanism involved in the hypocholesterolemic activity of KM have remained unknown.
Several studies have shown that the cell wall fraction and -glucan prepared from brewer's yeast or baker's yeast reduced the blood cholesterol level in rats or humans. 11, 12) The cell wall of yeast is mainly composed of dietary fiber such as -glucan and -mannan. 13, 14) It is well known that some dietary fibers exhibit hypocholesterolemic activity. The mechanism by which dietary fibers elicit their hypocholesterolemic effect is not fully understood, but several hypotheses have been proposed. 5, 6) One favored hypothesis is that dietary fiber inhibits the intestinal absorption of bile acids and cholesterol, promoting enhanced fecal excretion of acidic and neutral sterols. A reduction in the enterohepatic circulation of bile acids increases the conversion of cholesterol to bile acids. 6) Another mechanism hypothesized in the literature is the effect of shortchain fatty acids (SCFA) on cholesterol metabolism. SCFA are products of the colonic bacterial fermentation of dietary fiber. Several studies have suggested that the suppressive effect of certain dietary fibers on the plasma cholesterol level was at least partly due to the inhibition of cholesterol biosynthesis caused by SCFA. [15] [16] [17] [18] [19] In the present study, in order to clarify the cellular components involved in the hypocholesterolemic activity of KM, we fractionated KM into its cell wall and water-soluble extracts, and examined the effects of these y To whom correspondence should be addressed. Fax: +81-42-577-3020; E-mail: yasuto-yoshida@yakult.co.jp Abbreviations: HCD, high-cholesterol diet; HDL, high-density lipoprotein; KM, whole cell of Kluyveromyces marxianus YIT 8292; KM-CW, crude cell wall of K. marxianus YIT 8292; KM-W, cell wall of K. marxianus YIT 8292; SCFA, short-chain fatty acid fractions on the plasma and liver lipids, fecal sterol excretion, and cecal SCFA concentration in rats fed on an HCD. Furthermore, to clarify the involvement of cell wall polysaccharides in this hypocholesterolemic activity, we attempted to degrade the crude cell wall of K. marxianus YIT 8292 (KM-CW) with -mannosidase, -glucanase, pronase, and combinations of these. The hypocholesterolemic activity of the degradation products was compared with that of intact KM-CW.
Materials and Methods
Yeast and cultivation. K. marxianus YIT 8292 was obtained from the culture collection of Yakult Central Institute for Microbiological Research (Tokyo, Japan) and grown on a medium with the following composition: 30 g of glucose, 10 g of polypeptone, 5 g of yeast extract,
and tap water to 1 liter. Yeast cells were inoculated into a 500-ml Sakaguchi flask containing 100 ml of the medium and incubated at 28 C on a reciprocal shaker at 120 strokes/min. After 24 h, 300 ml of the cultured broth was inoculated into a 10-liter fermentor containing 7 liters of the medium. Cultivation was carried out for 24 h at 28 C, with agitation at 800 rpm and an aeration rate of 0.5 vvm. The pH value was kept at 6.0 throughout the culture period by using 5 N NaOH. After cultivation, the yeast cells were harvested by centrifugation at 3;000 g for 10 min and washed twice with distilled water. The whole cells (KM) were autoclaved at 115 C for 10 min, lyophilized and then powdered.
Fractionation of KM. Four fractions were prepared from KM in two separation steps (Fig. 1) . In the first step, living cells were suspended in distilled water and autoclaved at 115 C for 10 min. The suspension was then centrifuged at 3;000 g for 20 min to separate the supernatant and the residue containing the cell walls. This residue was washed seven times with distilled water, and the fraction was used as crude cell walls (KM-CW). The supernatant and washings were combined (extract 1).
In the next step, KM-CW was disrupted at 4 C by a Dyno-Mill cell homogenizer (W. A. Bachofen, Basel, Switzerland) in the presence of glass beads of 0.4-0.5 mm diameter. The disruption process was stopped when more than 95% of the cells had been broken. The disrupted cell suspension was centrifuged at 5;000 g for 20 min to separate the cell walls and the supernatant. The cell walls (KM-W) were washed seven times with distilled water. The resulting supernatant and washings were combined, and this fraction was used as extract 2.
Those four fractions were lyophilized and then powdered. The yields of KM-CW and extract 1 from KM were 70.3% and 28.3%, respectively, while the yields of KM-W and extract 2 from KM-CW were 63.8% and 34.8%, respectively. The composition of KM and its fractions is shown in Table 1 .
Preparation of -mannosidase. A crude preparation of -mannosidase was obtained from the culture fluid of Arthrobactor GJM-1, as described by Jones et al. 20) Mannosidase was purified from this crude preparation by ultrafiltration through a 500-kDa cut-off membrane (Daicen Membrane System Ltd., Tokyo, Japan). One unit of activity is defined as the amount of enzyme required to release 1 mmol of reducing sugar from 250 mg of baker's yeast -mannan per hour. The specific activity of the -mannosidase preparation was 144 units/mg of protein. The -mannosidase preparation was free of proteases and had no contaminating glycosidic activity against -1,3-glucan, -1,6-glucan, or chitin. 
22)
Enzymatic degradation of KM-CW. KM-CW was suspended in a 10 mM potassium phosphate buffer (pH 7.2) containing 0.3 mM CaCl 2 and then digested with pronase, -mannosidase or -glucanase for 14 hours at 45 C on a reciprocal shaker at 120 strokes/min. Pronase (Roche Applied science, Indianapolis, IN, U.S.A.) or -mannosidase was respectively added to the suspension at 8,000 or 30,000 units/100 g of KM-CW. To digest -glucan, -1,3-glucanase (Zymolyase 100T, Seikagaku Kogyo Co., Ltd., Tokyo, Japan) and -1,6-glucanase (Westase, Takara Shuzo Co., Ltd., Shiga, Japan) were respectively added at 25,000 and 70,000 units/100 g of KM-CW. The digestion products were heated at 80 C for 30 min to inactivate the enzyme. The pronase digestion product of KM-CW was further degraded with -mannosidase, -glucanase, or their combination. The degradation products of KM-CW were lyophilized and then powdered.
Animals and diets. Five-week-old male Wistar rats were obtained from Clea Japan, Inc. (Tokyo, Japan). All the animal experiments were performed in accordance with the guidelines of the Ethical Committee for Animal Experiments of Yakult Central Institute for Microbiological Research (Tokyo, Japan). The rats were housed individually in stainless steel cages and kept in an isolated room at a controlled temperature (24 AE 1 C) and humidity (60 AE 5%). Lighting was maintained on a 12-h light-dark cycle (lights on from 8 a.m. to 8 p.m.). The rats were fed on a commercial solid diet (MF; Oriental Yeast Co., Ltd., Tokyo, Japan) during the acclimatization period of 7 d. After this period, they were randomly divided into groups (n = 8/group) of similar mean body weight and fed on the diets described next.
The composition of the experimental diets is shown in Table 2 . All diets were supplemented with 0.5% cholesterol and 0.25% sodium cholate. In experiment 1, the rats were given the control diet, or a diet containing 5% KM, extract 1, or KM-CW for 14 d. In experiment 2, the rats were fed on the control diet or a diet supplemented with 5% KM-CW, extract 2, or KM-W for 14 d. In experiment 3, the rats were given the control diet, or a diet containing 5% intact KM-CW or its enzymatic degradation products for 14 d.
In all experiments, the rats were anaesthetized with an intraperitoneal injection of sodium pentobarbital (Nembutal Ò , Abbot Laboratories, Chicago, IL, U.S.A.) at 10 a.m. on the last day of the experimental period, and blood samples were collected from the abdominal aorta. The blood from each rat was put into a plastic tube containing heparin, and the plasma was separated by centrifugation. Each liver was perfused with 0.9% NaCl, removed and weighed.
In experiment 2, fecal samples for neutral sterol and bile acid analyses were collected from each rat during the last 3 d of the experimental period. On the last day of the experimental period, the cecal contents were collected to analyze the concentrations of SCFA.
Compositional analysis of KM and its fractions.
Crude protein, crude fat and total dietary fiber were measured by using the method of the Association of Official Analytical Chemists. 21) Soluble fiber and insoluble dietary fiber were measured by the Prosky method. 22) Lipid analysis. Total cholesterol, HDL-cholesterol, triglyceride and phospholipid in the plasma were enzymatically measured with commercial kits (Determiner TC555, Kyowa Medics, Tokyo, Japan; Determiner HDL, Kyowa Medics; Triglyceride E test Wako, [23] [24] [25] [26] The livers were lyophilized and powdered with a mill. The liver lipids were extracted by the method of Folch et al. 27) and then redissolved in ethanol. Total cholesterol, triglyceride and phospholipid in the liver were measured by using the kits already described.
Fecal sterol analysis. Fecal samples were freeze-dried and then ground. Fecal neutral sterols were measured by gas chromatography, as described by Morotomi et al. 28) Fecal bile acids were analyzed by high-performance liquid chromatography, as described by Takahashi et al.
29)
Cecum SCFA analysis. The cecal contents were homogenized and diluted in water to make the final concentration of SCFA between 0.2 mM and 30 mM. A mixture of 0.9 ml of the homogenate and 0.1 ml of 1 M perchloric acid was allowed to stand for 2 hour at 4 C, before being centrifuged at 9;000 g for 10 min at 4 C. The supernatant was passed through a filter with a pore size of 0.45 mm (Millipore Japan, Tokyo, Japan) and then analyzed by high-performance liquid chromatography, using the method of Chonan et al.
30)
Preparation of rat liver microsomes. In experiment 2, a portion of the liver was quickly homogenized in an ice-cold homogenization buffer (50 mM Tris-HCl at pH 7.2 containing 250 mM sucrose, 10 mM EDTA, 2 mM dithiothreitol, 1 mm leupeptin, and 0.2 mM phenylmethylsulfonyl fluoride) with a Potter Teflon-glass homogenizer. The homogenate was first centrifuged at 9;000 g (15 min, 4 C); the resulting supernatant was then centrifuged at 100;000 g (60 min, 4 C). The pellets were washed once with the homogenization buffer and then resuspended in a 100 mM potassium phosphate buffer at pH 7.2 containing 100 mM sucrose, 50 mM KCl, 10 mM EDTA, 2 mM dithiothreitol, and 0.2 mM phenylmethylsulfonyl fluoride. The microsomal preparation was stored at À80 C until the enzyme activities were measured. The protein content of the preparation was determined with a Pierce BCA reagent kit (Interchim, Montluçon, France).
Determination of the cholesterol 7-hydroxylase activity. The cholesterol 7-hydroxylase (EC 1.14.13.17) activity was determined as described by Chiang, 31) using 20-hydroxycholesterol as an internal standard. After converting to the 3-keto derivatives by cholesterol oxidase (Calbiochem, San Diego, CA, U.S.A.), the sterols were analyzed by reversed-phase high-performance liquid chromatography and detected at 240 nm.
Statistical methods. Each data value is expressed as the mean AE standard deviation (SD). The data were subjected to a one-way analysis of variance (ANOVA). When a significant F ratio was found, Tukey's multiplecomparison tests were conducted. A difference of p < 0:05 was considered significant. The SAS system for Windows (release 6.12; SAS Institute, Inc., Cary, NC, U.S.A.) was employed for the statistical analysis.
Results

Experiment 1: Effects of KM and KM-CW on the plasma and liver lipids
The effects of KM, its crude cell wall fraction (KM-CW), and water-soluble extract (extract 1) on the plasma and liver lipids were examined in rats that had been fed on an HCD (Table 3 ). The food intake and body weight gain did not differ between the groups. The plasma and liver total cholesterol were both decreased by feeding with KM or KM-CW, but were not significantly changed by feeding with extract 1. The plasma triglyceride, phospholipid, and HDL-cholesterol did not differ between groups. Although the liver triglyceride in those rats fed with KM-CW was significantly lower than that in the rats fed with extract 1, the liver phospholipid level did not differ between these groups. The liver weight was slightly decreased by feeding KM, KM-CW, or extract 1, but not significantly so.
Experiment 2: Effects of the cell wall of KM on the plasma lipids, liver lipids, fecal secretion of sterols, and SCFA content in the cecum After mechanical disruption, KM-CW was further separated into the cell wall fraction (KM-W) and watersoluble extract (extract 2). The hypocholesterolemic effects of KM-CW, KM-W and extract 2 were examined. The food intake and body weight gain did not differ between the groups (Table 4 ). The plasma and liver total cholesterol were both decreased by feeding KM-CW or KM-W, but were not significantly affected by feeding extract 2 (Table 4) . HDL-cholesterol did not differ between the groups. The triglyceride and phospholipid levels in the plasma and liver did not differ between groups, but the liver weight was significantly decreased by feeding KM-CW or KM-W.
The fecal excretion of neutral sterols, bile acids, and total sterols was increased by feeding KM-CW or KM-W, but was not significantly altered by feeding extract 2 (Table 5) . KM-CW and KM-W both increased the hepatic cholesterol 7-hydroxylase activity (Table 5) . Feeding KM-W significantly elevated the weight of the cecal content (Table 5) , this weight also tending to be increased by feeding with KM-CW, although not significantly so. The cecal concentration of both propionic acid and total SCFA was significantly increased by feeding with KM-CW and KM-W (Table 5 ).
Experiment 3: Effects of enzymatic degradation of the cell wall polysaccharides on the hypocholesterolemic activity of KM-CW
The content of dietary fiber in KM-CW and its enzymatic degradation products are shown in Fig. 2 . The pronase digestion of KM-CW did not appreciably change the content of total dietary fiber, but the degradation product (P product) had higher soluble dietary fiber and lower insoluble dietary fiber contents than KM-CW. -Mannosidase digestion of KM-CW did not alter the content of dietary fiber (data not shown), whereas -mannosidase digestion of the P product degraded most of the soluble dietary fiber without reducing the insoluble dietary fiber content (Fig. 2 ).
-Glucanase digestion of KM-CW only partially degraded the insoluble dietary fiber (data not shown), whereas -glucanase digestion of the P product almost completely degraded the insoluble dietary fiber without any apparent degradation of the soluble dietary fiber (Fig. 2) . KM-CW digested with a combination of pronase, -mannosidase, and -glucanase resulted in the total dietary fiber content being decreased to less than one-tenth that of intact KM-CW. Feeding with the P product significantly decreased the plasma and liver total cholesterol to levels nearly equivalent to those in the rats fed with KM-CW (Figs. 3A and 4A) . The total cholesterol levels in the plasma and liver of rats fed with the -mannosidase digestion product of the P product were significantly lower than those of the control rats, but higher than those Each result is expressed as the mean value of three replicates. KM-CW, crude cell wall of Kluyveromyces marxianus YIT 8292; P product, pronase digestion product of KM-CW; PM product, -mannosidase digestion product of the P product; PG product, -glucanase digestion product of the P product; PMG product, -mannosidase/-glucanase digestion product of the P product. Each value is the mean AE SD (n ¼ 8). Values with different letters are significantly different (p < 0:05). KM-CW, crude cell wall of Kluyveromyces marxianus YIT 8292; P product, pronase digestion product of KM-CW; PM product, -mannosidase digestion product of the P product; PG product, -glucanase digestion product of the P product; PMG product, -mannosidase/-glucanase digestion product of the P product.
of the rats fed with KM-CW (Figs. 3B and 4B ). The plasma total cholesterol level of the rats fed with the -glucanase digestion product of P product (PG product) was also lower than that of the control rats, but higher than that of the rats fed with KM-CW (Fig. 3C ). The liver total cholesterol level tended to decrease when feeding with the PG product, although the difference was not significant (Fig. 4C) . Feeding with the PMG product did not significantly alter the total cholesterol level in either the plasma or liver (Figs. 3D and 4D) .
Feeding with KM-CW and its digestion products did not significantly alter the food intake, body weight gain, HDL-cholesterol, or triglyceride and phospholipid levels in the plasma and liver (data not shown).
Discussion
The cellular components involved in the hypocholesterolemic activity of K. marxianus YIT 8292 were examined in the present study. KM-CW and KM-W, which were the cell wall-enriched fractions of K. marxianus YIT 8292, suppressed the elevation of total cholesterol levels in the plasma and liver of rats fed with an HCD, but the water-soluble extracts of K. marxianus YIT 8292, extract 1 and extract 2, did not significantly alter these cholesterol levels (Tables 3 and  4 ). These results show that the cellular components involved in the hypocholesterolemic activity of K. marxianus YIT 8292 were localized in the cell wall. The major constituents of the yeast cell wall are indigestible polysaccharides such as -glucan andmannan, which are both dietary fiber. 13, 14) We therefore presume that the cell wall polysaccharides might be responsible for the hypocholesterolemic activity of K. marxianus YIT 8292.
In order to determinate the cell wall components that were involved in this hypocholesterolemic activity, -mannan and/or -glucan of KM-CW were enzymatically digested. The yeast cell wall is surrounded by mannoprotein which is an -mannan-rich glycoprotein. It has been reported that neither -mannan nor -glucan in the cell wall was completely degraded by - Each value is the mean AE SD (n ¼ 8). Values with different letters are significantly different (p < 0:05). KM-CW, crude cell wall of Kluyveromyces marxianus YIT 8292; P product, pronase digestion product of KM-CW; PM product, -mannosidase digestion product of the P product; PG product, -glucanase digestion product of the P product; PMG product, -mannosidase/-glucanase digestion product of the P product.
mannosidase or -glucanase alone, because mannoprotein located in the upper wall layer worked as a protective barrier against the penetration of exogenous glycosidase. 32) Other investigators have observed that the complete degradation of -mannan or -glucan in the cell wall could be achieved by pretreating with a particular protease such as pronase that can render mannoprotein soluble. 32, 33) We therefore attempted to respectively degrade -mannan and -glucan in KM-CW by pronase/-mannosidase digestion and pronase/ -glucanase digestion. As shown in Table 1 and Fig. 2 , the vast majority of the cell wall polysaccharides of K. marxianus YIT 8292 were insoluble dietary fiber, but pronase digestion of KM-CW increased the soluble dietary fiber content without reducing the total dietary fiber content. The soluble dietary fiber that was released from the cell wall by protease digestion was almost completely degraded by -mannosidase digestion (Fig. 2) . On the other hand, most of the insoluble dietary fiber in the pronase digestion product of KM-CW was degraded by -glucanase digestion (Fig. 2) . These results show that the soluble and insoluble dietary fiber of the pronase digestion product of KM-CW respectively corresponded to -mannan and -glucan. The hypocholesterolemic activity of KM-CW was not changed by digesting with pronase alone, but was significantly decreased when -mannan or -glucan had been degraded by pronase/-mannosidase or pronase/-glucanase digestion (Figs. 3 and 4) . Furthermore, the hypocholesterolemic activity of KM-CW was completely abolished when it was digested by a combination of pronase, -mannosidase, and -glucanase (Figs. 3 and  4) . These results show that -mannan and -glucan were the major components responsible for the hypocholesterolemic activity of K. marxianus YIT 8292.
It is generally recognized that insoluble dietary fiber does not exhibit a significant cholesterol-lowering effect, whereas soluble dietary fibers such as pectin and guar gum exert a potent cholesterol-lowering effect in rats, with a dietary concentration ranging from 3-10%. 5) Although the cell wall polysaccharides of K. marxianus YIT 8292 were insoluble dietary fiber, they exerted a potent cholesterol-lowering effect at a similar dosage to that for soluble dietary fiber. Since soluble dietary fiber is viscous and produces gel-like lumps in an aqueous solution at a low concentration, its application is limited to particular food products such as jelly. The cell walls of K. marxianus YIT 8292 are of low viscosity and nongelling because of their water-insolubility. These characteristics of the cell wall can confer advantages in the application as a food material.
The results of the present study provide an insight into the mechanism involved in the hypocholesterolemic activity of the cell wall of K. marxianus YIT 8292. As shown in Table 5 , feeding KM-CW and KM-W to the rats significantly increased the fecal excretion of neutral sterols. Several studies have reported that some dietary fibers increased the fecal excretion of neutral sterols by reducing the intestinal cholesterol absorption. 34, 35) Therefore, the increased fecal excretion of neutral sterols by rats fed with KM-CW and KM-W may have been caused by a reduction in the cholesterol absorption.
Feeding the rats with KM-CW and KM-W also significantly increased the fecal excretion of bile acids (Table 5) . Increased bile acid excretion can reduce the plasma and liver cholesterol concentrations, because cholesterol is utilized for bile acid synthesis in the liver to maintain the bile acid pool. The synthesis of bile acids from cholesterol is primarily regulated by feedback inhibition of the rate-limiting enzyme, cholesterol 7-hydroxylase, by bile acids returning to the liver via enterohepatic circulation. [36] [37] [38] [39] In fact, the activity of hepatic cholesterol 7-hydroxylase was significantly increased by feeding with KM-CW and KM-W (Table 5). These results suggest that the cell wall of K. marxianus YIT 8292 affected on the plasma and liver cholesterol concentrations by accelerating bile acid synthesis through interruption of their enterohepatic circulation.
Furthermore, our results suggest the possibility that the increased production of SCFA in the cecum was involved in the hypocholesterolemic activity of K. marxianus YIT 8292 (Table 5 ). In vitro studies using isolated hepatocytes show that SCFA, notably propionate, had an inhibitory effect on cholesterol synthesis. 15, 16) Although the effects of SCFA in vivo are controversial, 40, 41) several studies have suggested that the suppressive effect of certain dietary fibers on the plasma cholesterol level was at least partly due to the inhibition of cholesterol biosynthesis caused by SCFA. [15] [16] [17] [18] [19] Therefore, SCFA resulting from bacterial fermentation of the cell wall polysaccharides of K. marxianus YIT 8292 may reduce cholesterol synthesis.
In our preliminary study, the ingestion of 5% KM-CW increased the fecal sterol excretion and cecal SCFA concentration in rats fed on a cholesterol-free diet, but hardly affected the plasma cholesterol concentration. In order to clarify the reason for the poor response of normal rats, it will be necessary to investigate the effects of the cell wall of K. marxianus YIT 8292 on the cholesterol 7-hydroxylase and cholesterol synthesis in normal rats.
We found in our previous study that the hypocholesterolemic activity of yeasts varied markedly between species and strains.
9) The strains of K. marxianus, especially K. marxianus YIT 8292, exhibited more potent hypocholesterolemic activity than the other yeasts containing baker's yeast and brewer's yeast. 9) Ebihara and Kiriyama 11) have reported that the plasma cholesterol level was decreased by feeding the 20% cell wall fraction of brewer's yeast to rats that had been fed on an HCD. In the present study, the cell wall of K. marxianus YIT 8292 exhibited potent hypocholesterolemic activity when administrated as a dietary admixture at a concentration of 5%. The difference in effective dosage between these cell walls might reflect their structural and compositional differences. It has been reported that the proportions of -glucan and -mannan within the cell wall and the structures of those polysaccharides differ according to the strain. 13, 42) We therefore suggest that the structure and composition of cell wall polysaccharides may determine the intensity of the hypocholesterolemic activity. Further study is needed to verify this hypothesis.
In conclusion, the results of the present study show that -mannan and -glucan localized in the cell wall were the major active components of K. marxianus YIT 8292. Furthermore, our results suggest that the cell wall polysaccharides of K. marxianus YIT 8292 exerted hypocholesterolemic activity in rats fed with an HCD through the suppression of intestinal cholesterol absorption, the interruption of the enterohepatic circulation of bile acids, and/or the production of SCFA.
